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AUTOMOTIVE ACCESSORY USING A
MAGNETIC FIELD BETWEEN
CIRCUMFERENTIALLY SPACED TEETH, A
ROTOR BODY AND A PULLEY TO CREATE
A SECONDARY TORQUE PATH

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present disclosure 1s a divisional of U.S. patent
application Ser. No. 16/838,088 filed on Apr. 2, 2020, now

U.S. Pat. No. 11,519,415 1ssued Oct. 11, 2022. The entire

disclosure of the application referenced above 1s 1corpo-
rated herein by reference.

FIELD

The subject disclosure 1s generally directed to electrically
and mechanically driven automotive accessories, mncluding
without limitation, electrically and mechanically driven
automotive pumps. The subject disclosure 1s also directed to
methods of operating the same.

BACKGROUND

This section provides background information related to
the present disclosure which 1s not necessarily prior art.

Automobiles typically include a variety of different auto-
motive accessories that are either driven by electric motors
or driven mechanically off of the engine, and more particu-
larly, ofl of an accessory belt that 1s driven by the crankshaft
of the engine. Examples include pumps for pumping cool-
ant, oil, transmission fluid, and fuel. Further examples
include pumps for pumping engine intake air, which are
sometimes referred to as compressors. Mechanically driven
automotive accessories suller from several disadvantages,
chief among them being that they cannot be driven when the
engine 1s not running. In addition, the rotational speed and
thus the output of mechanically driven automotive accesso-
ries 1s dependent upon engine speed. Therefore, the speed
and output of typical mechanically driven automotive acces-
sories cannot be controlled independently of the engine
speed.

Electrically driven automotive accessories solve the prob-
lems associated with typical mechamically driven automo-
tive accessories, but carry with them their own disadvan-
tages. Most automotive electrical systems generate and run
on 12 volts (V) direct current (DC). There are practical limaits
on the power of electric motors that can be run off of 12 volts
(V) direct current (DC) because once a certain power level
1s exceeded, the heat generated by the electric motor
becomes dithicult to manage and can cause the electronics to
overheat. This makes 1t diflicult to provide an electrically
powered automotive accessory capable of delivering an
output of 1 kilowatt (kW) while still utilizing a power supply
that runs off 12 volts (V) direct current (DC). Accordingly,
automobile manufacturers must settle for less powertul
clectrically dniven automotive accessories 1f they want an
automobile accessory that can be driven independently of
engine speed and when the engine 1s not running.

SUMMARY

This section provides a general summary of the disclo-
sure, and 1s not a comprehensive disclosure of its full scope
or all of 1ts features.
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In accordance with one aspect of the present disclosure,
an electrically and mechanically driven automotive acces-
sory 1s provided. The electrically and mechanically driven
automotive accessory includes a housing, an electric motor
configured to rotationally drive a shait, and a pulley that 1s
rotatable relative to both the electric motor and the shaft. The
shaft 1s rotatably supported in the housing and extends along
a longitudinal axis between an input end and an output end.
The electric motor comprises a stator assembly and a
rotating assembly. When the electric motor 1s activated, the
clectric motor creates a primary torque flow path that drives
rotation of the rotating assembly relative to the stator
assembly. The stator assembly 1s fixedly mounted to the
housing. The rotating assembly 1s fixedly mounted to the
shaft such that the rotating assembly rotates with the shatt.
The pulley 1s rotatably supported on the input end of the
shaft such that the pulley 1s rotatable relative to the shait and
the rotating assembly. The electrically and mechanically
driven automotive accessory has a pulley assist mechanism.
The pulley assist mechanism includes an electromagnet, a
plurality of circumierentially spaced teeth that are nested
with a conductive body, and a rotor body that 1s fixedly
mounted to the shaft. When the electromagnet 1s activated,
a magnetic coupling i1s formed that creates a secondary
torque flow path between the pulley and the rotor body due
to the magnetic field generated 1n the pulley, the circumfier-
entially spaced teeth, and the rotor body by the electromag-
net.

In accordance with another aspect of the present disclo-
sure, a method of operating the electrically and mechanically
driven automotive accessory described above 1s provided.
The method includes the step of applying electricity to
clectrical windings of the stator assembly to generate an
clectromagnetic field and a primary torque flow path that
rotationally drives the rotating assembly and the shaft. The
method also includes the step of rotationally driving the
pulley, which 1s rotatably supported on a pulley bearing
assembly. The method further comprises the step of activat-
ing the pulley assist mechanism by applying electricity to
the electromagnet of the pulley assist mechanism to induce
a magnetic field between the pulley, the circumierentially
spaced teeth, and the rotor body to create a secondary torque
flow path between the pulley and the rotor body.

The secondary torque tlow path provided by the pulley
assist mechanism adds to the primary torque flow path
produced by the electric motor, which allows the shaift to be
driven at a higher rotational speed than would otherwise be
possible by utilizing only the primary torque flow path. As
a result, the electrically and mechanically driven automotive
accessory described herein can generate 1.7-1.8 kilowatt
(kW) of pumping power, or more, utilizing an electric motor
that runs off of 12 volts (V) direct current (DC). Addition-
ally, the electric current supplied to the electrical windings
of the stator assembly can be reduced for any given rota-
tional speed when the electromagnet of the pulley assist
mechanism 1s activated. This means that higher rotational
speeds and power output are possible while retaining an
clectric motor that runs on a 12 volt power supply without
overheating. The pulley assist mechanism also allows the
clectric motor to be downsized because peak demand usu-
ally coincides with high engine speeds, where the rotational
speed of the pulley 1s high and the pulley assist mechanism
1s most effective (1.e., when the pulley assist mechanism can
provide the largest increase 1n rotational speed to the rotating,
assembly).

Unlike mechanically driven automotive accessories, the
clectrically and mechanically driven automotive accessory
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described herein can be driven by just the electric motor
when the engine of the vehicle 1s not running. Additionally,
the rotational speed of the shait 1s fully vaniable and can be
controlled independently of the speed of the engine. The
clectric current applied to the electromagnet of the pulley
assist mechanism can be controlled to vary the degree of
magnetic coupling between the pulley and the rotor body. As
a result, the amount of torque transier between the pulley
and the rotor body through the secondary torque flow path
can be adjusted to control the rotational speed of the shait as
well as the amount of mechanical drag the pulley places on
the engine of the vehicle.

BRIEF DESCRIPTION OF THE DRAWINGS

Other advantages of the present disclosure will be readily
appreciated, as the same becomes better understood by
reference to the following detailed description when con-
sidered in connection with the accompanying drawings
wherein:

FIG. 1 1s a side perspective view of an electrically and
mechanically driven automotive accessory that has been
constructed 1n accordance with the teachings of the present
disclosure:

FIG. 2 1s an exploded perspective view of the electrically
and mechanically driven automotive accessory illustrated 1n
FIG. 1;

FIG. 3 1s a side section view of the electrically and
mechanically driven automotive accessory illustrated in
FIG. 1;

FIG. 4 1s a side perspective view of an exemplary rotating,
assembly of the electrically and mechanically driven auto-
motive accessory illustrated 1in FIG. 1;

FIG. 5 1s another side perspective view of the rotating
assembly illustrated in FIG. 4, where the internal compo-
nents of the rotating assembly are shown in dashed lines;

FIG. 6 1s a side cross-sectional view of the electrically and
mechanically driven automotive accessory illustrated in
FIG. 1;

FIG. 7 1s a side perspective view of another electrically
and mechanically driven automotive accessory that has been
constructed 1n accordance with the teachings of the present
disclosure:

FIG. 8 1s an exploded perspective view of the electrically
and mechanically driven automotive accessory illustrated 1n
FIG. 7;

FIG. 9 1s a side section view of the electrically and
mechanically driven automotive accessory illustrated in
FIG. 7;

FIG. 10 1s a side perspective view of the electrically and
mechanically driven automotive accessory illustrated in
FIG. 7;

FI1G. 11 1s another side perspective view of the electrically
and mechanically driven automotive accessory illustrated 1n
FIG. 7, where the internal components of the electrically and
mechanically driven automotive accessory are shown in
dashed lines;

FIG. 12 1s a side cross-sectional view of the electrically
and mechanically driven automotive accessory illustrated 1n
FIG. 7;

FIG. 13 1s an exploded perspective view of another
clectrically and mechanically driven automotive accessory
that has been constructed in accordance with the teachings
of the present disclosure; and
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4

FIG. 14 1s a side cross-sectional view of the electrically
and mechanically driven automotive accessory illustrated 1n

F1G. 13.

DETAILED DESCRIPTION

Referring to the Figures, wherein like numerals indicate
corresponding parts throughout the several views, three

clectrically and mechanically driven automotive accessories
20, 20", 20" are disclosed.

Example embodiments are provided so that this disclosure
will be thorough, and will fully convey the scope to those
who are skilled 1n the art. Numerous specific details are set
forth such as examples of specific components, devices, and
methods, to provide a thorough understanding of embodi-
ments of the present disclosure. It will be apparent to those
skilled 1n the art that specific details need not be employed,
that example embodiments may be embodied in many
different forms and that neither should be construed to limait
the scope of the disclosure. In some example embodiments,
well-known processes, well-known device structures, and
well-known technologies are not described 1n detail.

-

T'he terminology used herein 1s for the purpose of describ-
ing particular example embodiments only and 1s not
intended to be limiting. As used herein, the singular forms
“a,” “an,” and “the” may be mtended to include the plural
forms as well, unless the context clearly indicates otherwise.
The terms “‘comprises,” “‘comprising,” “including,” and
“having,” are inclusive and therefore specily the presence of
stated features, integers, steps, operations, elements, and/or
components, but do not preclude the presence or addition of
one or more other features, integers, steps, operations,
clements, components, and/or groups thereof. The method
steps, processes, and operations described herein are not to
be construed as necessarily requiring their performance in
the particular order discussed or illustrated, unless specifi-
cally identified as an order of performance. It 1s also to be
understood that additional or alternative steps may be
employed.

When an element or layer 1s referred to as being “on,”
“engaged to,” “‘connected to,” or “coupled to” another
clement or layer, it may be directly on, engaged, connected
or coupled to the other element or layer, or intervening
clements or layers may be present. In contrast, when an
clement 1s referred to as being “directly on,” “directly
engaged to,” “directly connected to,” or “directly coupled
to” another element or layer, there may be no intervenming
clements or layers present. Other words used to describe the
relationship between elements should be interpreted 1n a like
fashion (e.g., “between” versus “directly between,” “adja-
cent” versus “directly adjacent,” etc.). As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items.

Although the terms first, second, third, etc. may be used
herein to describe various elements, components, regions,
layers and/or sections, these elements, components, regions,
layers and/or sections should not be limited by these terms.
These terms may be only used to distinguish one element,
component, region, layer or section from another region,
layer or section. Terms such as “first,” “second,” and other
numerical terms when used herein do not imply a sequence
or order unless clearly indicated by the context. Thus, a first
clement, component, region, layer or section discussed
below could be termed a second element, component,
region, layer or section without departing from the teachings

of the example embodiments.
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Spatially relative terms, such as ‘“inner,” “outer,”
“beneath,” “below,” “lower,” “above,” “upper,” and the like,
may be used herein for ease of description to describe one
clement or feature’s relationship to another element(s) or
teature(s) as illustrated 1n the figures. Spatially relative terms
may be intended to encompass different orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 1f the device in the
FIGS. 1s turned over, elements described as ‘“below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, the example
term “below” can encompass both an orientation of above
and below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein interpreted accordingly.

With reference to FIGS. 1-6, the electrically and mechani-
cally drniven automotive accessory 20 disclosed herein
includes a housing 22, an electric motor 24 configured to
rotationally drive a shait 26, and a pulley 28 that 1s rotatable
relative to both the electric motor 24 and the shait 26. The
pulley 28 may 1nclude a belt contact surface 29 1n configu-
rations where the pulley 28 1s configured to be rotationally
driven by a belt (not shown), such as a rubber accessory bellt,
that 1s driven by an engine (not shown). The belt contact
surface 29 of the pulley 28 engages the belt and may
optionally include a channel with grooves. Alternatively, the
pulley 28 may be rotationally driven by a gear or a shaft that
1s powered by the engine. The engine may be, without
limitation, an internal combustion engine powering a vehicle
(not shown). As will be explained 1n greater detail below, the
clectrically and mechanically driven automotive accessory
20 1includes a pulley assist mechanism 30 that utilizes
clectromagnetism to transier torque from the pulley 28 to the
shaft 26 to provide a torque assist (1.e., a mechanical boost)
to the electric motor 24 under certain operating conditions.

In the embodiment shown in FIGS. 1-6, the housing 22
includes a tubular portion 32 and a flange portion 34 that
mate with one another and give the housing 22 a split,
clam-shell like arrangement. The tubular portion 32 extends
annularly about a longitudinal axis 36 between a first
housing end 38 and a second housing end 40. The flange
portion 34 mates to the tubular portion 32 at the second
housing end 40. One of more seals 41 are disposed between
the tubular portion 32 and the flange portion 34 of the
housing 22. The shatt 26 of the electrically and mechanically
driven automotive accessory 20 1s received in the tubular
portion 32 of the housing 22. The shait 26 extends along the
longitudinal axis 36 between an mput end 42 and an output
end 44. It should therefore be appreciated that the term
“longitudinal” used herein describes directions and struc-
tures that are parallel or co-axial to the longitudinal axis 36,
that the term “radial” as used herein describes directions and
structures that extend radially towards and away from the
longitudinal axis 36 at a transverse angle relative to the
longitudinal axis 36, and that the term *“circumierentially
spaced” as used herein described structures that are spaced
apart along different radians (degrees) relative to the longi-
tudinal axis 36 like the numbers on a clock.

The shatt 26 1s longer than the tubular portion 32 of the
housing 22 such that the input end 42 of the shaft 26 extends
out from the first housing end 38 and the output end 44 of
the shaft 26 extends out from the second housing end 40.
The shaft 26 is rotatably supported 1n the tubular portion 32
of the housing 22 by a shait bearing assembly 46. Although
other configurations are possible, the shaft bearing assembly
46 may have an integrated shaft bearing arrangement with
an outer sleeve 48 that 1s press fit into the tubular portion 32
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of the housing 22 and two longitudinally spaced ball bearing
packs 50 that are positioned radially between the shait 26
and the outer sleeve 48. During operation, the housing 22
may remain stationary while the shaft bearing assembly 46
allows the shait 26 to rotate co-axially about the longitudinal
axis 36 and relative to the housing 22.

Both the housing 22 and the shaft 26 may be made of a
wide variety of different materials, including without limi-
tation, various metals. Optionally, a shaft seal 52, extending
annularly about the shaft 26, may be provided adjacent to the
output end 44 of the shait 26. In the 1llustrated example, the
shaft seal 52 1s made of a resilient material and 1s positioned
radially between the shaft 26 and the housing 22. The shaft
seal 52 1n this example 1s fixed to the housing 22 such that
the shaft 26 rotates relative to the shaft seal 52; however, 1n
an alternative embodiment, the shait seal 52 may be fixed to
the shaft 26 such that 1t rotates with the shait 26 and relative
to the stationary housing 22.

In the illustrated example, the electrically and mechani-
cally driven automotive accessory 20 1s a fluid pump, such
as a pump for pumping liquid. Such liquids may include, but
are not limited to, water, coolant, oil, transmission fluid, or
fuel. In accordance with this embodiment, the electrically
and mechanically driven automotive accessory 20 includes
an 1mpeller 54 that 1s fixedly mounted to the output end 44
of the shaft 26. The impeller 34 includes one or more vanes
56. The impeller 54 can be made of a wide range of
matenals, including without limitation, injection molded
plastic. During operation, the impeller 54 rotates with the
shaft 26, which causes the vanes 56 of the impeller 34 to
pump liquid through the flud pump. However, 1t should be
appreciated that the scope of the present disclosure 1s not
limited to liquud pumps. For example, the electrically and
mechanically driven automotive accessory 20 may be con-
figured as an air pump (also known as an air compressor). In
other non-limiting examples, the electrically and mechani-
cally dniven automotive accessory 20 could also be other
automotive accessories that are typically driven by an elec-
tric motor, an accessory belt ofl the engine, the serpentine
belt of the engine, the crankshait of the engine, or a camshaft
of the engine.

The electric motor 24 of the electrically and mechanically
driven automotive accessory 20 1s configured to create a
primary torque flow path that drives rotation of the shait 26
when the electric motor 24 1s activated. Although other
configurations are possible, the electric motor 24 1n the
illustrated embodiment comprises a stator assembly 58 and
a rotating assembly 60. The rotating assembly 60 1s rotatable
relative to the stator assembly 58 about the longitudinal axis
36. The stator assembly 38 1s fixedly mounted on the tubular
portion 32 of the housing 22 and therefore remains station-
ary during operation. The electrically and mechanically
driven automotive accessory 20 includes a stationary back-
ing member 62 and the stator assembly 58 includes a
plurality of stator plates 64, all of which are fixedly mounted
on the tubular portion 32 of the housing 22. The stator plates
64 are stacked together and include a plurality of arms 66
that support electrical windings 68. Although other configu-
rations are possible, in the 1llustrated embodiment, the stator
plates 64 are made of metal and the electrical windings 68
are made ol copper wire. The stator plates 64 and the
clectrical windings 68 may also be encased 1n a resin or a
plastic to protect them from corrosion/oxidation, vibration,
contaminants, and impact damage and to structurally unitize
the stator assembly 58.

The stationary backing member 62 includes a plurality of
spokes 70 that are fixedly mounted to the tubular portion 32
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of the housing 22 via a press fit and an annular portion 72
that 1s positioned radially outward of the tubular portion 32
of the housing 22. The plurality of spokes 70 extend radially
outwardly from the tubular potion 32 of the housing 22 to
the annular portion 72. A spacer 74 1s positioned on the 5
tubular portion 32 of the housing 22 between the stationary
backing member 62 and the stator plates 64 to maintain the
longitudinal spacing of these components. The rotating
assembly 60 1ncludes a rotating backing member 80. The
rotating backing member 80 extends circumierentially about 10
at least a portion of the stator assembly 38. It should be
appreciated that the words “stationary” and “rotating” used
to describe the backing members 62, 80 are merely used for
labelling purposes and refer to the relative motion between
these two components when the electric motor 24 1s running. 15

Permanent magnets 82 are fixedly mounted to the rotating,
backing member 80 and are spaced radially outward of the
stator plates 64. When eclectricity (1.e., electric current) 1s
applied to the electrical windings 68 of the stator assembly
58, an electromagnetic field 1s created that interacts with the 20
magnetic field of the permanent magnets 82, which causes
the rotating backing member 80 to rotate. Although other
configurations are possible, the stationary backing member
62 and the rotating backing member 80 may be made of a
terrous metal material and the permanent magnets 82 of the 25
rotating assembly 60 may be made of a ferritic material or
rare earth materials, such as samarium cobalt (SmCo) or
neodymium-iron boron (NdFeB), and may be glued to an
inside surface 84 of the rotating backing member 80.

The pulley 28 1s rotatably supported on the mput end 42 30
of the shait 26 such that the pulley 28 is rotatable relative to
the shaft 26 and the rotating assembly 60. In the illustrated
example, the pulley 28 has a hub portion 86, a pulley wall
88, and two annular rims 90. The pulley wall 88 extends
radially outwardly from the hub portion 86 and the belt 35
contact surface 29 1s positioned between the two annular
rims 90. The belt contact surface 29 1s configured to mate
with (1.e., contact) the belt (not shown), while the two
annular rims 90 of the pulley 28 are configured to help
prevent the belt from sliding/jumping off of the pulley 28. 40
The pulley wall 88 may optionally include a plurality of
radially extending slots 92 to save weight. The pulley 28 1s
supported by a pulley bearing assembly 96 that 1s positioned
radially between the input end 42 of the shatt 26 and the hub
portion 86 of the pulley 28. Although other configurations 45
are possible, 1n the illustrated embodiment, the pulley bear-
ing assembly 96 includes an inner race 98 that 1s press it on
the input end 42 of the shaft 26, an outer race 100 that 1s
press it mnto the hub portion 86 of the pulley 28, and a
plurality of ball bearings 102 that are positioned radially 50
between the inner and outer races 98, 100. As a result, the
pulley 28 can rotate relative to the shaft 26 and the rotating
assembly 60, which can rotate independently of the pulley
28.

The pulley assist mechanism 30 includes an electromag- 55
net 108 that 1s supported on the stationary backing member
62. More specifically, the stationary backing member 62 1s
a bobbin that supports the electromagnet 108. For example,
in the illustrated embodiment, the electromagnet 108 1s a
wire coil 126 of copper wire that 1s wound about the 60
stationary backing member 62. The pulley assist mechanism
30 further includes a plurality of circumiferentially spaced
teeth 110 that are nested with a conductive body 111, a rotor
body 112 that 1s fixedly mounted to the shaft 26, and a claw
body 113 that 1s fixed with the pulley 28. The rotor body 112 65
rotatably couples the rotating backing member 80 to the
shaft 26. As a result, the rotating backing member 80 and the
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rotor body 112 always rotate at the same rotational speed as
the shaft 26, while the claw body 113 always rotates at the
same rotational speed as the pulley 28, which may be
different than the rotational speed of the shaft 26. In this
embodiment of the pulley assist mechanism 30, both the
circumierentially spaced teeth 110 and the conductive body
111 are fixed to the rotor body 112. For example, as shown
in FIGS. 4 and 5, the circumierentially spaced teeth 110 are
integral with the rotor body 112 while the conductive body
111 1s press {it onto the rotor body 112, although other
configurations may be possible.

The rotor body 112 includes a hub segment 130 that 1s
press it onto the shait 26 and an annular segment 132 that
1s connected to the hub segment 130 by radially extending
spokes 134. The annular segment 132 has a ring-like shape
and includes an outer diameter face 135, an 1nner diameter
face 136 opposite the outer diameter face 133, a first side
face 138 that faces the pulley 28 and a second side face 140
opposite the first side face 138. The plurality of circumfier-
entially spaced teeth 110 include a first set of teeth 110a that
extend lengthwise 1n a plurality of radial directions (1.e., 1n
directions transverse to the longitudinal axis 36) and a
second set of teeth 1105 that extend lengthwise 1n a plurality
of longitudinal directions (1.e., 1n directions parallel to the
longitudinal axis 36). The first set of teeth 110a protrude
longitudinally from the first side face 138 of the rotor body
112 at a first height H1 and the second set of teeth 1105
protrude radially from the outer diameter face 1335 of the
rotor body 112 at a second height H2. The circumierentially
spaced teeth 110 extend through a plurality of openings 142
in the conductive body 111. More specifically, the plurality
of openings 142 1n the conductive body 111 include a first set
of openings 142a that receive the first set of teeth 110a and
a second set of opemings 1425 that receive the second set of
teeth 110b. As a result, the features of the conductive body
111 nest with the features of the rotor body 112.

The claw body 113 is positioned between the pulley 28
and the rotor body 112. The claw body 113 includes a radial
portion 144 that extends radially outwardly from the pulley
bearing assembly 96 to a longitudinal portion 146. The claw
body 113 1s fixed with the pulley 28 by a press fit such that
the claw body 113 and the pulley 28 both rotate at the same
rotational speed. The claw body 113 includes a plurality of
circumierentially spaced slots 148, which give the claw
body 113 a cage-like structure made up of a plurality of
circumierentially spaced fingers. Fach slot 148 1s bi-axial
and has a radial component 148a that i1s 1n plane with the
radial portion 144 of the claw body 113 and transverse to the
longitudinal axis 36 and a longitudinal component 1485 that
1s 1n plane with the longitudinal portion 146 of the claw body
113 and parallel to and spaced from the longitudinal axis 36.
The radial component 148a and longitudinal component
1486 of each slot 148 are contiguous. Further, the radial
component 148a of each slot 148 1s closed at one end while
the longitudinal component 1485 of each slot 148 1s open at
one end.

The stationary backing member 62, the rotor body 112,
the claw body 113, and the pulley 28 are all made of a
magnetic material, such as a ferrous metal material. As best
seen 1n FIG. 6, when electricity (1.e., electric current) 1s
applied to wire coil 126, the electromagnet 108 of the pulley
assist mechanism 30 induces a magnetic loop 128 in the
circumierentially spaced teeth 110 of the rotor body 112 and
in portions of the stationary backing member 62, the pulley
28, the rotor body 112, and the claw body 113. When the
clectromagnet 108 of the pulley assist mechanism 30 1is
deactivated (1.e., de-energized), the magnetic coupling




US 11,788,534 B2

9

between the pulley 28 and the rotor body 112 ends. As a
result, there 1s no torque transfer between the pulley 28 and
the rotor body 112 when the electromagnet 108 1s deacti-
vated. However, when the electromagnet 108 of the pulley
assist mechanism 30 1s activated (i.e., energized), the mag-
netic field induced between the pulley 28, the claw body 113,
and the circumiferentially spaced teeth 110 of the rotor body
112 results 1n torque transier between the pulley 28 and the
rotor body 112.

There are a number of predetermined tolerances (i.e.,
small gaps) between an outer edge 120 of the stationary
backing member 62 and the inner diameter face 136 of the
rotor body 112, between the radial portion 144 of the claw
body 113 and the first set of teeth 110a of the rotor body 112,
and between the longitudinal portion 146 of the claw body
113 and the second set of teeth 1106 of the rotor body 112.
These tolerances must be small enough to provide a rela-
tively uninterrupted magnetic loop 128 when the electro-
magnet 108 1s activated, but large enough to accommodate
manufacturing tolerances and permit relative motion
between the rotor body 112 and the claw body 113 and
relative motion between the rotor body 112 and the station-
ary backing member 62. By way of example and without
limitation, these predetermined tolerances may be 100-200
microns (um) and preferably about 150 microns (um).

The circumierentially spaced teeth 110 and the rotor body
112 are made of a first material 150 while the conductive
body 111 1s made of a second material 152. The first material
150 1s ferromagnetic and has a higher magnetic flux density
than the second material 152. By way of example and
without limitation, the first material 150 may be steel. The
second material 152 has a higher electrical conductivity than
the first material 150. By way of example and without
limitation, the second material 152 may be aluminum or
copper. The claw body 113 i1s also made of a ferromagnetic
material, such as steel. This results 1n a structure where the
circumierentially spaced teeth 110 of the rotor body 112
have a higher tlux density while the conductive body 111 has
a higher electrical conductivity and less weight.

As explained above, when the electromagnet 108 1s
energized a magnetic loop 128 1s created that extends
through the circumierentially spaced teeth 110 of the rotor
body 112, the stationary backing member 62, the pulley 28,
and the claw body 113. When the pulley 28 and the claw
body 113 rotate at a different speed than the rotor body 112
while the electromagnet 108 1s energized, the circumieren-
tially spaced slots 148 generate a change in magnetic flux in
the circumierentially spaced teeth 110 as the slots 148 pass
over the teeth 110. This creates fluctuating/alternating mag-
netic poles (e.g., alternating di-poles) in the circumieren-
tially spaced teeth 110 and induces electric currents in the
conductive body 111. The induced electric currents 1n the
conductive body 111 flow around the circumierentially
spaced teeth 110, creating a secondary magnetic field that
resists relative motion between the rotor body 112 and the
pulley 28/claw body 113, which ultimately results 1n torque
transfer and thus a secondary torque tlow path between the
pulley 28 and the rotor body 112, which 1s connected to the
shait 26.

The magnetic coupling between the pulley 28 and the
rotor body 112, requires relative motion between the pulley
28 and rotor body 112. Accordingly, there will always be
some rotational slip between the pulley 28 and the rotor
body 112, even when the electromagnet 108 1s activated. The
clectromagnet 108 of the pulley assist mechanism 30 is only
activated when the belt 1s driving the pulley 28 at a faster
rotational speed than the rotational speed that the rotating
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assembly 60 1s being driven at via the primary torque tlow
path produced by the electric motor 24. When the electro-
magnet 108 1s activated 1n such conditions, the secondary
torque tlow path provided by the pulley assist mechanism 30
(1.e., the induced magnetic coupling between the pulley 28
and the rotor body 112) adds to the primary torque flow path
produced by the electric motor 24, which allows the rotating
assembly 60 and therefore the shaft 26 to be driven at a
higher rotational speed (i.e., higher revolutions per minute/
RPMs) than would be possible when utilizing only the
primary torque flow path. As a result, the fluid flow gener-
ated by the impeller 34 i1s increased. Additionally, the
clectric current supplied to the electrical windings 68 of the
stator assembly 58 can be reduced for any given rotational
speed when the electromagnet 108 of the pulley assist
mechanism 30 1s activated.

In many cases, the pulley assist mechanism 30 also allows
the electric motor 24 to be downsized because peak pump
demand usually coincides with high engine speeds, where
the rotational speed of the pulley 28 1s high and the pulley
assist mechanism 30 1s most effective (i.e., when the pulley
assist mechanism 30 can provide the largest increase 1n
rotational speed to the rotating assembly 60). As explained
below, the electromagnet 108 of the pulley assist mechanism
30 1s deactivated when the primary torque tlow path of the
clectric motor 24 1s dniving the rotating assembly 60 at a
rotational speed that 1s faster than the rotational speed of the
pulley 28. If the electromagnet 108 were not deactivated
during such conditions, the pulley assist mechanism 30
would slow the rotation of the rotating assembly 60 and act
as a brake, which would be undesirable 1n most applications.

Unlike mechanically driven automotive accessories, the
clectrically and mechanically driven automotive accessory
20 described herein can be driven by just the electric motor
24 when the engine of the vehicle 1s not running. Addition-
ally, the rotational speed of the shatt 26 is fully variable and
can be controlled independently of the speed of the engine.
The electric current applied to the wire coil 126 of the
clectromagnet 108 can be controlled to vary the degree of
magnetic coupling between the pulley 28 and the rotor body
112. As a result, the amount of torque transier between the
pulley 28 and the rotor body 112 can be adjusted to control
the rotational speed of the shait 26 as well as the amount of
mechanical drag the pulley 28 places on the engine of the
vehicle. In other words, the amount of load the electrically
and mechanically driven automotive accessory 20 places on
the engine can be controlled 1n view of the engine’s speed,
power output, fuel economy, and/or other operating param-
eters.

FIGS. 7-12 illustrate another electrically and mechani-
cally driven automotive accessory 20', with a pulley assist
mechanism 30' of an alternative configuration that does not
include the claw body 113 shown 1n FIGS. 1-6. Many of the
clements of the electrically and mechanically driven auto-
motive accessory 20' shown 1 FIGS. 7-12 are the same as
the elements of the electrically and mechanically driven
automotive accessory 20 shown in FIGS. 1-6 and therelfore
share the same reference numbers, except that a prime (')
annotation has been appended after the reference numbers 1n
FIGS. 7-12.

The electrically and mechanically driven automotive
accessory 20' shown in FIGS. 7-12 includes a housing 22
that has a tubular portion 32' and a flange portion 34'. The
tubular portion 32' extends annularly about a longitudinal
axis 36' between a first housing end 38' and a second housing
end 40'. The flange portion 34" attaches to the tubular portion
32" at the second housing end 40'. A shaft 26' 1s received
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co-axially inside the tubular portion 32' of the housing 22'.
The shatt 26' extends along the longitudinal axis 36' between
an put end 42' and an output end 44'.

The electrically and mechanically driven automotive
accessory 20' includes an electric motor 24' that again 1s
configured to create a primary torque tlow path for driving
rotation of the shait 26' when the electric motor 24' 1s
activated. The electric motor 24' illustrated 1n FIGS. 7-12
comprises a stator assembly 58' and a rotating assembly 60'.
The stator assembly 58' 1s fixedly mounted 1nside the tubular
portion 32' of the housing 22' and therefore remains station-
ary during operation. The stator assembly 38' includes a
plurality of stator plates 64', which are fixedly mounted
inside the tubular portion 32' of the housing 22'. The stator
plates 64' are stacked together, define a central opening 65',
and include a plurality of arms 66' that support electrical
windings 68'.

The rotating assembly 60' 1s positioned 1nside the central
opening 63' of the stator assembly 38, 1s rotatable relative to
the stator assembly 58' about the longitudinal axis 36', and
includes a rotating backing member 80' that 1s fixedly
mounted to the shaft 26' such that the rotating backing
member 80' rotates with the shaft 26'. It should be appreci-
ated that the words “stationary” and “rotating” used to
describe the backing members 62', 80' of the electric motor
24" are merely used for labelling purposes and refer to the
relative motion between these two components when the
clectric motor 24' 1s running. Permanent magnets 82' are
fixedly mounted to the rotating backing member 80' and are
spaced radially inward of the stator plates 64'. When elec-
tricity (1.e., electric current) 1s applied to the electrical
windings 68' of the stator assembly 58', an electromagnetic
field 1s created that interacts with the magnetic field of the
permanent magnets 82', which causes the rotating backing
member 80' to rotate. The rotating backing member 80' 1s
fixed to the shaft 26' such that the electric motor 24
rotationally drives the shait 26' when electricity 1s applied to
the electrical windings 68' of the stator assembly 58'.

The electrically and mechanically driven automotive
accessory 20' includes a pulley 28' with a pulley wall 88' and
the pulley assist mechanism 30' includes an electromagnet
108', a plurality of circumferentially spaced teeth 110' that
protrude longitudinally from an inboard face 94' of the
pulley wall 88' at a first height H1', a conductive body 111",
and a rotor body 112'. The electromagnet 108' includes a
wire coil 126' that 1s supported by a bobbin 127'. The bobbin
127" 1s fixedly attached to the stationary backing member
62'. The plurality of circumierentially spaced teeth 110' are
nested with a conductive body 111'. The plurality of circum-
terentially spaced teeth 110" extend lengthwise 1n a plurality
of radial directions (1.e., 1n directions transverse to the
longitudinal axis 36'). The circumierentially spaced teeth
110" extend 1nto a plurality of openings 142' 1n the conduc-
tive body 111'. As a result, the features of the conductive
body 111' nest with the features of the pulley 28'. However,
it should be appreciated that the openings 142' in the
conductive body 111' may or may not extend entirely
through the conductive body 111' and therefore may be open
on one side and closed on the other. Both the circumieren-
tially spaced teeth 110' and the conductive body 111' are
fixed to the pulley 28'. For example, as shown i FIGS. 7-12,
the circumierentially spaced teeth 110" are integral with the
pulley wall 88' and the conductive body 111" 1s press {it onto
the pulley 28' over the teeth 110'.

The pulley assist mechanism 30' also includes a rotor
body 112' that 1s fixedly mounted to the shatt 26'. As a result,
the rotor body 112' always rotates at the same rotational
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speed as the shaft 26' and therefore the rotating assembly 60’
of the electric motor 24', while the conductive body 111'
always rotates at the same rotational speed as the pulley 28",
which may be different than the rotational speed of the shaft
26' and the rotating assembly 60' of the electric motor 24",
The rotor body 112' 1s positioned between the pulley 28' and
a stationary backing member 62', which 1s fixedly mounted
to the tubular portion 32' at the first housing end 38'. The
rotor body 112" includes a radial portion 144" that extends
radially outwardly from the shaft 26 to a longitudinal portion
146'. The radial portion 144" of the rotor body 112' includes
a first side face 138' that faces the pulley 28' and a second
side face 140" opposite the first side face 138'. The rotor body
112" includes a plurality of circumierentially spaced ribs
148' that protrude longitudinally from first side face 138' of
the rotor body 112' at a second height H2' and extend
lengthwise 1n a plurality of radial directions (1.e., 1n direc-
tions transverse to the longitudinal axis 36').

As best seen 1 FIG. 12, when electricity (1.e., electric
current) 1s applied to wire coil 126, an electromagnet 108"
of the pulley assist mechanism 30' induces a magnetic loop
128' in the circumierentially spaced teeth 110' and 1n por-
tions of the stationary backing member 62', the pulley 28",
the circumierentially spaced ribs 148', and the rotor body
112'. When the electromagnet 108' of the pulley assist
mechanism 30' 1s deactivated (i.e., de-energized), the mag-
netic coupling between the pulley 28' and the rotor body 112
ends. As a result, there 1s no torque transfer between the
pulley 28' and the rotor body 112' when the electromagnet
108' 1s deactivated. However, when the electromagnet 108’
of the pulley assist mechanism 30' 1s activated (i.e., ener-
gized), the magnetic field induced between the pulley 28
and the rotor body 112' results in torque transier between the
pulley 28' and the rotor body 112'.

There are a number of predetermined tolerances (i.e.,
small gaps) between an outer edge 120" of the stationary
backing member 62' and the pulley 28', between the second
side face 140" of the rotor body 112' and the stationary
backing member 62', and between the circumiferentially
spaced teeth 110" of the pulley 28' and the circumiferentially
spaced ribs 148' of the rotor body 112'. These tolerances
must be small enough to provide a relatively uninterrupted
magnetic loop 128' when the electromagnet 108’ 1s activated,
but large enough to accommodate manufacturing tolerances
and permit relative motion between the rotor body 112' and
the pulley 28' and relative motion between the rotor body
112" and the stationary backing member 62'. By way of
example and without limitation, these predetermined toler-
ances may be 100-200 microns (um) and preferably about
150 microns (um).

The circumierentially spaced teeth 110" and the pulley 28’
are made of a first material 150" while the conductive body
111' 1s made of a second material 152'. The first material 150’
1s ferromagnetic and has a higher magnetic flux density than
the second material 152'. By way of example and without
limitation, the first material 150" may be steel. The second
material 152' has a higher electrical conductivity than the
first material 150'. By way of example and without limita-
tion, the second material 152" may be aluminum or copper.
The rotor body 112' and the circumierentially spaced ribs
148" are also made of a ferromagnetic material, such as steel.
This results 1n a structure where the circumierentially spaced
teeth 110' of the pulley 28' have a higher flux density while
the conductive body 111' has a higher electrical conductivity
and less weight.

When the pulley 28' rotates at a diflerent speed than the
rotor body 112' while the electromagnet 108' 1s energized,
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the circumierentially spaced ribs 148' generate a change in
magnetic flux in the circumiferentially spaced teeth 110" as
the ribs 148' pass over the teeth 110'. This creates fluctuat-
ing/alternating magnetic poles (e.g., alternating di-poles) 1n
the circumierentially spaced teeth 110' and induces electric
currents 1n the conductive body 111'. The induced electric
currents in the conductive body 111' flow around the cir-
cumierentially spaced teeth 110', creating a secondary mag-
netic field that resists relative motion between the rotor body
112" and the pulley 28', which ultimately results in torque
transier and thus a secondary torque flow path between the
pulley 28' and the rotor body 112', which 1s connected to the
shaft 26'.

FIGS. 13 and 14 illustrate another electrically and
mechanically driven automotive accessory 20", with a pul-
ley assist mechanism 30" of an alternative configuration that
again does not include the claw body 113 shown in FIGS.
1-6. Many of the elements of the electrically and mechani-
cally driven automotive accessory 20" shown i FIGS. 7-12
are the same as the elements of the electrically and mechani-
cally driven automotive accessory 20' shown 1n FIGS. 7-12
and therefore share the same reference numbers, except that
a double prime (") annotation has been appended aiter the
reference numbers 1n FIGS. 13 and 14.

In the arrangement shown in FIGS. 13 and 14, the pulley
assist mechamism 30" 1s nearly identical to the pulley assist
mechanism 30' shown 1n FIGS. 7-12, except that the pulley
assist mechanism 30" shown 1n FIGS. 13 and 14 contains a
conductive body 111" that 1s fixed to rotor body 112" instead
of pulley 28". As a result, the pulley assist mechanism 30"
includes a plurality of circumierentially spaced teeth 110"
that protrude longitudinally from a first side face 138" of the
rotor body 112" at a first height H1" and a plurality of
circumierentially spaced ribs 148" protrude longitudinally
from an inboard face 94" of the pulley wall 88" at a second
height H2". The circumierentially spaced teeth 110" extend
through a plurality of openings 142" 1n the conductive body
111". As a result, the features of the conductive body 111"
nest with the features of the rotor body 112". Both the
circumierentially spaced teeth 110" and the conductive body
111" are fixed to the rotor body 112" instead of the pulley
28" 1n this embodiment. For example, as shown 1n FIGS. 13
and 14, the circumierentially spaced teeth 110" are integral
with the rotor body 112" and the conductive body 111" 1s
press fit onto the rotor body 112" over the teeth 110",
Notwithstanding these structural differences, the pulley
assist mechanism 30" shown in FIGS. 13 and 14 operates the
same way as the pulley assist mechanism 30' shown 1n FIGS.
7-12.

The electrically and mechanically driven automotive
accessories 20, 20', 20" described above can be controlled
according to the method of operation set forth below. The
method 1ncludes the step of applying electricity to the
clectrical windings 68, 68', 68" of the stator assembly 58,
58', 58" to generate an electromagnetic field and a primary
torque flow path that rotationally drives the rotating assem-
bly 60, 60', 60", and thus, the shaft 26, 26', 26". The method
also includes the step of rotationally driving the pulley 28,
28', 28", which 1s rotatably supported on the pulley bearing
assembly 96, 96', 96". The method proceeds with the steps
of detecting a first rotational speed of the rotating assembly
60, 60', 60" and/or the shaft 26, 26', 26" and detecting a
second rotational speed of the pulley 28, 28' 28". The
clectrically and mechanically driven automotive accessories
20, 20', 20" may optionally include one or more sensors (not
shown) that are configured to measure/read the first rota-
tional speed of the rotating assembly 60, 60', 60" and/or the
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shaft 26, 26', 26" and the second rotational speed of the
pulley 28, 28', 28". Alternately, the first rotational speed of
the rotating assembly 60, 60', 60" and/or the shaft 26, 26',
26" and the second rotational speed of the pulley 28, 28', 28"
can be determined based on the electric and magnetic fields
(EMF) of the electric motor 24, 24', 24", The method further
includes the step of activating the pulley assist mechanism
30, 30", 30" when the second rotational speed (1.e., the
rotational speed of the pulley 28, 28', 28") 1s greater than the
first rotational speed (1.e., the rotational speed of the rotating
assembly 60, 60', 60"/shaft 26, 26', 26"). This step includes
applying electricity to the electromagnet 108, 108', 108" to
induce a magnetic field between the pulley 28, 28', 28", the
circumierentially spaced teeth 110, 110', 110", and the rotor
body 112, 112', 112" to create a secondary torque flow path
between the pulley 28, 28', 28" and the rotor body 112, 112",
112", The step of activating the pulley assist mechanism 30,
30", 30" produces the magnetic loops 128, 128", 128"
described above, which extend around the electromagnet
108, 108', 108" through the circumierentially spaced teeth
110, 110', 110" and portions of the rotor body 112, 112’
112", the stationary backing member 62, 62', 62", and the
pulley 28, 28', 28". The method may also include the step of
deactivating the pulley assist mechanism 30, 30', 30" when
the first rotational speed (i.e., the rotational speed of the
rotating assembly 60, 60', 60"/shaft 26, 26', 26") 1s greater
than the second rotational speed (1.e., the rotational speed of
the pulley 28, 28', 28"). The steps of activating and deacti-
vating the pulley assist mechanism 30, 30', 30" may be
performed by a controller/ECU 154, 154', 154" adapted to
control the output of one or more electric power supplies
(not shown), which may be electrically connected to the wire
coill 126, 126', 126" of the eclectromagnetic and/or the
clectrical windings 68, 68', 68" of the stator assembly stator
assembly 58, 58', 58",

The foregoing description of the embodiments has been
provided for purposes of illustration and description. It 1s not
intended to be exhaustive or to limit the disclosure. Indi-
vidual elements or features of a particular embodiment are
generally not limited to that particular embodiment, but,
where applicable, are interchangeable and can be used 1n a
selected embodiment, even iI not specifically shown or
described. These antecedent recitations should be inter-
preted to cover any combination in which the inventive
novelty exercises 1ts utility. Many modifications and varia-
tions of the present invention are possible 1 light of the
above teachings and may be practiced otherwise than as
specifically described while within the scope of the
appended claims. In addition, the steps of the method set
forth herein may be practiced in a different order than that
listed heremn without departing from the scope of the
appended claims.

What 1s claimed 1s:

1. An electrically and mechanically driven automotive
accessory, comprising:

a housing;

a shaft rotatably supported in said housing, said shait
extending along a longitudinal axis between an input
end and an output end;

an eclectric motor comprising a stator assembly and a
rotating assembly that 1s rotatable relative to said stator
assembly, said electric motor being configured to create
a primary torque tlow path when said electric motor 1s
activated:

said stator assembly fixedly mounted to said housing;

said rotating assembly fixedly mounted to said shaft such
that said rotating assembly rotates with said shatft;
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a pulley rotatably supported on said input end of said shaft
such that said pulley 1s rotatable relative to said shaft
and said rotating assembly; and

a pulley assist mechanism including a plurality of cir-
cumierentially spaced teeth nested with a conductive
body, a rotor body fixedly mounted to said shait, and an
clectromagnet configured to induce a magnetic field
between said circumierentially spaced teeth, said rotor
body, and said pulley to create a secondary torque tlow
path between said pulley and said rotor body when said
clectromagnet 1s activated,

wherein said conductive body 1s fixed to said rotor body
and wherein said circumierentially spaced teeth are part
of said rotor body and extend into a plurality of
openings 1n said conductive body.

2. The electrically and mechanically driven automotive

accessory set forth in claim 1, further comprising:

a claw body positioned between said pulley and said rotor
body, wherein said claw body 1s fixed to said pulley and
includes a plurality of circumierentially spaced slots
that generate a change in magnetic flux 1n said circum-
ferentially spaced teeth and induce electric current 1n
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said conductive body when said claw body and pulley
rotate at a diflerent speed than said rotor body.

3. The electrically and mechanically driven automotive
accessory set forth in claim 2, wherein said plurality of
circumierentially spaced teeth include a first set of teeth that
extend lengthwise in a plurality of radial directions trans-
verse to said longitudinal axis and a second set of teeth that
extend lengthwise in a plurality of longitudinal directions
parallel to said longitudinal axis and wherein each slot n
said plurality of circumierentially spaced slots has a radial
component that 1s transverse to said longitudinal axis and a
longitudinal component that i1s parallel to and spaced from

said longitudinal axis.

4. The electrically and mechanically driven automotive
accessory set forth 1n claim 1, wherein said pulley includes
a plurality of circumierentially spaced ribs that generate a
change 1n magnetic flux 1n said circumierentially spaced
teeth and induce electric current 1n said conductive body
when said pulley rotates at a diflerent speed than said rotor

body.
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